1. Introduction
===============

Shunt infection is a morbid complication of cerebrospinal fluid (CSF) shunting. The different incidences of infection after ventricle peritoneal shunt have been reported by many studies. According to Eager,^\[[@R1]\]^ the infection rate is from 1% to 39%. McGirt et al^\[[@R2]\]^ and Kulkarni et al^\[[@R3]\]^ have also reported the rate as 3% to 15% and 5% to 27%, respectively. Shunt infection may induce epileptic seizure, decrease intellectual performance, and cause the failure of operation.^\[[@R4],[@R5]\]^ Thus, the secondary operation is needed and the mortality rate of patients will be doubled compared with that of the regular patients.^\[[@R6]--[@R8]\]^

Treatment usually requires antibiotic administration and repeated surgery which will extend the hospitalization period, and increase the economic burden and the suffering of patients. Although a lot of ways have been used to prevent infection, including improving the surgical technique and optimizing the timing of surgery, the high infection rate of shunt surgery is still a hard issue to address.^\[[@R9]--[@R10]\]^ Therefore, the prospective study on the post shunts infection prevention is crucial.

Because of having bacteria resistance and low infection rate (Bioglide, Medtronic, Wuhan, Hubei), hydrogel-coated ventricular peritoneum shunts (VPSs) have been adopted in our hospital for several years. Strong hydrophilic properties are utilized on the surface which can guarantee a thin aqueous surface coat after dipping in liquid. This "water shield" can effectively prevent bacterial and blood clot adherence in comparison with regular VPS catheters.^\[[@R11]\]^ We report a retrospective clinical study to compare the VPS-related CSF infections between standard catheters and hydrogel-coated catheters (HCCs).

2. Methods
==========

We retrospectively reviewed the records from patients undergoing CSF shunt insertion at the department of neurosurgery (Anhui Provincial Hospital and Tongji Hospital) from October 2012 to 2015. Patient demographics, clinical presentation, CSF shunting history, radiological studies, laboratory values, operative variables, and shunt type were reviewed in each case. The inclusion criteria were new shunts and first shunts for the patient. The high-risk group was defined as previous CSF infection within 1 month, conversion of external ventricular drains (EVDs) to shunt, hospital stay \>1 month (both ICU and Neurosurgical ward), and other infections within 1 month.^\[[@R19]\]^ The exclusion criteria were the VPS procedure combined with other surgery, patients \<3 years age or \> 80 years age. The study was approved by the Ethical Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, China.

Although the group status was not a random control study, the antibiotic regiment, catheter handling, and surgical procedure were not different between the two groups. All patients had their heads shaven and were disinfected routinely. Prophylactic intravenous antibiotics (cefoperazone 1.5g q12h) were used from at a dose of 2/day 30 min pre-operation to 3 days post-operation regardless of the different groups.

Both diagnosis and insertion technique were comprehensively logged by the operating neurosurgeon. The VPS was not exposed to any antibiotics before use. After its insertion, the CSF was sampled immediately for bacterial culture and sensitivity. The CSF was also to be sampled for test through the VPS taps if any clinical symptom occurs (fever, neurological function disorders, headache, bellyache, and other unfavorable conditions). Through the test, VPS-related bacterial infection, which usually could be detected through clinical symptom and bacteria light (\<100 colony forming units/0.1 mL) growth in a single CSF sample (or bacterial culture positive), can be traced and treated in time. Two sample confirmations were considered as positive and the bacterial culture of the CSF which sampled at surgery were all negative.

Two CSF samples were sent for bacteria cultures at the same time. Independent *t* tests and χ^2^-square analysis were used to compare the differences of composition used in the two groups.

The confidence level was set at 0.05 using two-sided tests. Group infection rates were compared using Kaplan--Meier curve estimates and log rank tests.

3. Result
=========

A total of 78 shunt procedures were performed in the high-risk hydrocephalus patients. Of these, in 33 patient 35-cm hydrogel-coated VPSs (Bioglide, Medtronic) were used, and in remaining 45 patients 35-cm standard silastic VPS catheters were used. The comparison of VPS-related infections was eventually based on 78 patients (33 in the hydrogel-coated VPS catheters group and 45 in the silicone catheters group). The follow-up period was 36 months. The man to female ratio was 62%, and the mean patient age was 45 ± 19 years. The standard and HCC groups had similar presenting diagnoses (Table [1](#T1){ref-type="table"}), including head injury, subarachnoid hemorrhage ischemic stroke, communicating hydrocephalus, and brain tumor. No relationship was found between the frequency of CSF infection and diagnosis presentation or other characteristics' presentation.

###### 

Diagnosis of qualified subjects.
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Infection occurred in 14 (17.9%) patients, including 11 (24.4%) patients in the standard catheters group and 3 (9.1%) in the hydrogel-coated ventricular catheters group (Table [2](#T2){ref-type="table"}). There was a significant difference of the total infection patients between the two groups \[RR (95% CI); 0.200 (0.050--0.803), *P* = 0.014\]. Analysis of Kaplan--Meier curve estimates indicated significant statistical difference between the two catheter types in duration to onset of definite infection (log rank = 4.204, *P* \< 0.5) (Fig. [1](#F1){ref-type="fig"}). Most cases were cured by antibiotic therapy. The catheters were removed in 5/11 patients in the standard catheters group and 1/3 patients in the hydrogel-coated ventricular catheters group.

###### 

Patients of high-risk infection subgroups (the four high-risk groups overlap each other).
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![Graph demonstrating Kaplan--Meier cumulative curves for proportion of patients of VPS related CSF infection in the high-risk patients (log rank = 4.204, *P* \< 0.05). CSF = cerebrospinal fluid, VPS = ventricular peritoneum shunt.](medi-95-e4252-g003){#F1}

Specific infectious organisms and observed occurrence are listed in Table [3](#T3){ref-type="table"}. According to our results, *Staphylococcus aureus* caused infection in 2 (2.6%) patients in our studies. The other gram-positive agents included *Enterococcus* (1, 1.2%). Pseudomonas species were the most common gram-negative organism, causing infection in 2 (2.6%) patients. Besides, *Acinetobacter baumannii* also caused infection in 1 (1.2%) patients.

###### 

Organism occurrences in CSF infections.
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The four high-risk groups actually overlap each other; yet, the numbers of four groups of two catheter types are similar, respectively. Infection occurs in 7/31 patients with CSF infection within 1 month, including 1/14 in the hydrogel-coated ventricular catheters group and 6/17 in the standard catheters group \[RR (95% CI); 0 (1.19--9.09), *P* = 0.022\]. Kaplan--Meier curve estimates indicated significant statistical difference between the two catheter types in duration (log rank = 4.391, *P* = 0.04) (Fig. [2](#F2){ref-type="fig"}). Infection occurs in 10/44 patients with hospital stay \>1 month. It showed a significant reduction in the hydrogel-coated ventricular catheters group (2/20) compared with the standard catheters group (8/24) \[RR (95% CI); 5.143 (0.940--28.141), *P* = 0.041\]. Kaplan--Meier curve estimates showed significant statistical difference between the two catheter types in duration (log rank = 4.520, *P* = 0.03) (Fig. [3](#F3){ref-type="fig"}). Owing to the conversion of EVDs to shunt group, infection occurred in 1/11 patients in the coated ventricular catheters group and 5/13 in the standard catheters group. No significant difference were found between the two groups \[RR (95% CI); 0.111 (0.010--1.236), *P* = 0.065\]. But Kaplan--Meier curve estimates indicated significant statistical difference between the two catheter types in the duration to onset of definite infection (log rank = 5.252, *P* = 0.02) (Fig. [4](#F4){ref-type="fig"}). And for patients, who have other infections within 1 month, no infection occurred in 7 patients of the coated ventricular catheters group and infection occurred in 2/9 patients in the standard catheters group \[RR (95% CI); 0.333 (0.022--5.027), *P* = 0.367\]. No differences were found in *t* test or Kaplan--Meier curve between the two catheter types in the duration to onset of definite infection (log rank = 1.536, *P* = 0.12) (Fig. [5](#F5){ref-type="fig"}).
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![Graph demonstrating Kaplan--Meier cumulative curves for proportion of patients of VPS-related CSF infection in the subgroups conversion of external ventricular drains to shunt (log rank = 4.520, *P* = 0.03). CSF = cerebrospinal fluid, VPS = ventricular peritoneum shunt.](medi-95-e4252-g006){#F3}

![Graph demonstrating Kaplan--Meier cumulative curves for proportion of patients of VPS-related CSF infection in the subgroups hospital stay \>1 month (log rank = 5.252, *P* = 0.02). CSF = cerebrospinal fluid, VPS = ventricular peritoneum shunt.](medi-95-e4252-g007){#F4}

![Graph demonstrating Kaplan--Meier cumulative curves for proportion of patients of VPS-related CSF infection in the subgroups of other infections within 1 month (log rank = 1.536, *P* = 0.12). CSF = cerebrospinal fluid, VPS = ventricular peritoneum shunt.](medi-95-e4252-g008){#F5}

4. Discussion
=============

Post-operation infections remain the most common and serious problems for ventricular peritoneum shunting. Our study has found a significant incidence of VPS-related CSF infections with coincidence of previous researches.^\[[@R30]--[@R33]\]^ According to our experience, the infection rates in normal patients are much lower but can still cause serious consequences if infection occurs. Because the catheter is not the organic part of the body, the infection is more likely to occur compared with regular surgery. However, the infection will be the cause of failure of operations or even death of patients.^\[[@R12],[@R13]\]^

For shunt surgery, the infection rate depends on many different factors, namely body weight, length of preoperative hospitalization, present ongoing infection, history of previous shunt infection, and the history of multiple shunt revisions.^\[[@R14]--[@R16]\]^ Improvements in surgical technique and pre-operative antibiotic therapy have not consistently decreased the incidence of shunt infection. The HCCs have been shown to impair bacterial adherence and surface growth.^\[[@R17],[@R18]\]^ The protective role has been reported in EVD,^\[[@R19]\]^ but the catheters were placed in the ventricular system only for days or weeks. For VPS placement, the anti-infection effect for long time has not been reported.

The bacterial contamination of the catheter at the time of its insertion is considered to be the main cause of VPS-related infections. *Staphylococcus aureus* was the most common infectious gram-positive bacterium in VPS, which caused infection in 2 patients (4.4%) in the standard catheter group. However, no gram-positive bacterium infection had been found in the HCCs group. Though it lacks statistic difference, we believe that the HCCs can reduce bacterial adherence in the operation, thereby reducing the possibility of gram-positive bacterium infection according to our experience. Yet, it still need further research to prove.

Hydrocephalus can be attributed to various factors, including CSF infection,^\[[@R20],[@R21]\]^ primary meningitis, and the post-surgery infection of a series of neurosurgical diseases. According to Arunodaya\'s study,^\[[@R22]\]^ the post-neurosurgery nosocomial wound infection rate is 6.9%. Among them, the reoccurrence of infection is the thorniest problem which is not rarely seen even in patient after the VPS implantation. Such patients, who have developed CSF infection within 1 month post-surgery, are recognized and subgrouped as the high risk of shunt infection group. According to our result, HCCs can significantly reduce the infection rate and prolonged the shunt survival duration.

A prolonged hospital stay has been suggested as a correlation factor with low nosocomial infection rates of all types. Yang and Li^\[[@R23]\]^ report an average interval of only 20 days for the detection of post-neurosurgical nosocomial brain infections after prolonged hospital stays. Nosocomial infection rates increase to as high as 30% for patients with extended hospital stays,^\[[@R24],[@R25]\]^ and the infection rate reached 38% in our study. Once infections occurred, patients may have a high tendency to be more antibiotic-resistant and difficult to manage, especially for those in neurosurgical ICU. The advantage of HCCs can also benefit patients in such cases.

EVDs are widely used to relieve high intracranial pressure. However, it also needs to expose the ventricular system to external skin flora for days or even to weeks. Such long exposure can result in infections CSF and raise the infection risk of subsequent shunt infection.^\[[@R26]\]^ Previous research has reported the infection incidence to be 13%.^\[[@R27]\]^ As expected, our research observed a high incidence (28.6%) of infection in this subgroup whereas HCCs can significantly reduce the infection rate. If the infection occurs, a new shunt system is needed. Yet, both the removal of the infected shunt and the new shunt system replacement can increase the catheter-related infection rate. Renier et al^\[[@R28]\]^ found that 17.5% of such shunt replacements developed new infections compared with their overall study rate of 7.9%.

As it is well known, hydrocephalus is usually combined with various neurological dysfunctions, such as coma, hemiplegia, and intelligence quotient reduction. With losing self-living ability, the patients are always bedridden, accompanying various persistent lung infection or urinary tract infection. We conduct combined with other infection as a risk-factor of CSF infection and HCCs will show a preventive effect. Bur the result showed no significant difference between the two groups.

To prevent catheter-related infection, various methods have been adopted such as antibiotic prophylaxis and shunt devices soaked with antiseptics or antibiotics. The effectiveness of prophylactic intravenous antibiotics for infectious prevention remains to be controversial. Several studies have found that it may contribute to a reduced infection rate^\[[@R29]--[@R32]\]^ whereas others have reported little benefits.^\[[@R33]--[@R35]\]^ According to our assumption, the infecting bacteria enter the intracranial system at the point of catheter insertion and develop at a favorable catheter spot with little immunological intervention within the central nerve system. Nevertheless, the shunt devices can absorb antibiotics during the presoaking period and lower the shunt infection rate which is supported by various recent reports.^\[[@R36]--[@R38]\]^ Besides, Parker et al^\[[@R39]\]^ has reported that usage of antibiotic-soaked shunt devices have reduced the catheter-related infection incidence which are effective instruments to prevent pre-operative bacteria colonization of shunt components.

Because of the commercial reason, the HCCs were only applied in the high-risk group rather than in all the patients who underwent VPS surgery. Its effect in the normal risk group and the relationship between the normal and high-risk groups is still confused. However, we believe that the complication prevention will save money and suffering of the patients. Besides, our sample is relatively small and more multicenter-controlled studies are needed in the future.

Recently, a meta-analysis has been published which evaluated antibiotic-impregnated catheters (AICs), silver-coated catheters (SCCs), and HCCs. The result shows that AICs and SCCs reduce the risk for infection in patients undergoing CSF shunting. But lack of date to analysis the effects of HCCs (only 2).^\[[@R40]\]^ Although a retrospective study has some limitation, the trend is clear in our study. It provides some research basis for the use of HCCs to reduce shunt infection especially for patients at a high risk of infection. According to our results, patients within the aforementioned high-risk groups display a higher incidence of infection. Therefore, before VPS surgery, neurosurgeons should evaluate the necessity and timing carefully. HCCs can significantly reduce the infection rate, which is a more safe and efficient choice for the patients at increased risk for shunt infection.

Abbreviations: AICs = antibiotic-impregnated catheters, CSF = cerebrospinal fluid, EVD = external ventricular drain, HCCs = hydrogel-coated catheters, SCCs = silver-coated catheters, VPS = ventricular peritoneum shunt.
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